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Introduction: On Ceres' low albedo surface there 
occur localized bright areas usually associated with 
impact craters [1]. The brightest and largest spots, Vi-
nalia and Cerealia Faculae, are found within the young 
(~21 Ma) Occator crater [2] (Fig.1) and consist pre-
dominantly of sodium carbonate [3]. The localized, 
high concentration of carbonate is interpreted as the 
solid residue of a crystallized salt solution (i.e., brine) 
[1,3, 4-6]. Occator crater also hosts lobate flows sug-
gestive of brine-based cryovolcanism [7] and/or col-
lapsed walls [5]. Whether a relationship between the 
faculae and cryovolcanism exists is currently under 
debate.  
Here we use clear-filter framing camera (FC) 
LAMO images (~35 m/pixel) to perform a morpholog-
ical analysis of Cerealia and Vinalia Faculae (Fig. 1), 
and discuss possible formation mechanisms. 
Observations - Vinalia Faculae: Vinalia Faculae 
consist of several localized bright areas adjacent to 
each other, found on top of a large lobate flow cover-
ing the floor of Occator crater [2,5,7]. Only the two 
largest bright areas are described here (Fig. 2) as the 
smaller spots are not spatially resolved. The facula at 
20°N-242°E (site 1) is characterized by a 500 m wide 
circular feature (hereafter pit) and a surrounding bright 
halo, 5 km in width. The pit is rimless and has a rela-
tively flat floor, distinct from a bowl-shaped crater of 
such a size. One of the pit sides corresponds to a dark-
er, linear fracture [8] running several kilometers across 
the halo. The halo has a continuous distribution and is 
brighter closer to the pit, and discontinuous and patchy 
farther away. This pattern seems to be controlled by the 
underlying ropy surface of the lobate flow. This mor-
phology can be described as a discontinuous mantling, 
as the halo material has no discernible relief. 
Six km NE of this facula, another localized bright area 
of similar dimension is found (site 2, Fig. 2). This spot 
shares the same distal patchy distribution as the first 
facula, but displays a continuous, smooth material dis-
tribution in its center. Most importantly, the smooth 
bright material forms two ridges in a V-shaped config-
uration, separated by a possible topographic depression 
(trough-like morphology). As site 1, linear fractures [8] 
and depressions are found across this facula. However, 
the texture and relief of the bright material at the center 
of this facula suggests it is thicker than that at site 1. 
Observations - Cerealia Facula: This bright area 
is located within Occator crater's central pit (Fig. 2, 
20°N-240°E). It has an irregular shape and is approxi-
mately 6 km wide. In addition, it is uplifted in its cen-
ter, creating a domical feature 3 km wide and 0.25 km 
high relative to the surroundings, and is dissected by 
fractures up to 300 m wide and pits. The bright materi-
al surrounding the dome has a smooth texture with 
darker patches and darker fractures circumferential to 
the dome. The contact between the bright material and 
the surrounding darker central pit material is character-
ized by patches. Small -200 m wide- bright zones are 
found scattered in the darker central pit material and, 
less frequently, small dark zones are found scattered in 
the bright material. The width of the contact between 
the different zone is sharp (<70 m). In one location, we 
observe the scattered bright patches to have an elon-
gated shape radial to the central dome, similar to dis-
continuous impact crater rays. 
Discussion: Morphologies at sites 1 and 2 indicate 
that surface disruption (pit, trough) as well as redistri-
bution of adjacent bright material (i.e., mantling by fine 
grained material) occurred. At site 3 the above pro-
cesses took place (pits on dome,  radial elongated 
patches), as well as build-up and/or upwarping of 
thicker (>100 of m) bright material. We note that frac-
tures and pits on a carbonate-rich material are also ob-
served on the summit of the cryovolcanic dome Ahuna 
Mons [9,10]. Here we consider several mechanisms 
that could have produced the entire range of morphol-
ogies described at sites 1, 2 and 3. 
Impact cratering leads to a central depression and 
mantling of the surrounding terrain, similar to site 1. 
However, the morphologic characteristics of a pit and 
the extensive halo at site 1 lacking a rayed pattern ar-
gue against an impact induced-origin. An impact origin 
is also inconsistent with our observations at site 2 and 
3. 
Sublimation is a process known to create depres-
sions or pits. On Ceres, this process is known to occur 
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at the crater Oxo, where a conspicuous ice deposit is 
observed [11]. There, however, the morphologies are 
different and no pits or mantling is observed [12]. 
Another mechanism is fragmentation by decom-
pression of gas-rich ice. The ascent of gas-rich ice to 
the surface and exposure to the vacuum of space might 
lead to an explosive event [e.g., 13]. The rate of ascent 
of solid ice from few kilometers depth and through a 
<500 m wide conduit will depend on the ice’s initial 
temperature and cooling by the surrounding rock. Once 
extruded, particulate, fragmented material might be 
ejected and subsequently distributed around the upris-
ing ice. The continued extrusion of ice could potential-
ly form a debris/scoria cone (site 2). 
Finally, an explosive event (and pit formation) 
could be triggered by the violent evaporation of liquid 
water in vacuum. Water vapor produced by a boiling 
brine exposed to an airless surface can reach sonic 
speed [e.g., 14] and entrain solid particles. These parti-
cles can be preexisting material in the brine, or grains 
formed during evaporation. Depending on the particle 
size and density, the entrained solids will fall on the 
surface near their ejection point, possibly creating a 
halo [e.g., 15].  Eventually, freezing of a cap above the 
extrusive briny flow would stop the boiling phase [e.g., 
16]. Continuous extrusion and freezing would lead to 
build-up of topographic relief. The composition of 
such a cap would include anhydrous salts as well as 
water ice. For the latter two scenarios, the ice will rap-
idly sublimate and only be preserved below a dusty lag 
deposit [17-19]. Sublimation of covered or spatially-
unresolved ice might still be ongoing as suggested by 
the detection of haze above the faculae [20]. 
Conclusions: Both decompression of gas-rich ice 
and evaporation and freezing of liquid water in vacu-
um should be considered as plausible mechanisms to 
explain the faculae morphologies. The different fea-
tures between the sites can be understood as different 
stages or intensities of a single formation mechanism. 
The intensity (e.g., rate of extrusion) or duration of the 
processes appear to have increased in a sequence from 
site 1, to site 2 and site 3. It is unclear whether an age 
correlation exists in the sequence. Overall, these obser-
vations further highlight the importance of Occator 
faculae for our understanding of Ceres recent and pos-
sibly fluid-based activity. 
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Figure 1. Section of the 92-km large Occator 
crater on Ceres (20°N-240ºE) with location of sites 
shown in Fig. 2. 
 
Figure 2. FC LAMO images of bright spots (left) 
with associated structural and morphological sketches 
(right) found within Occator crater. Site 1 and site 2 
form the Vinalia facualae. Site 3 is Cerealia facula. 
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